Abstract-Background. Increasing colorectal cancer (CRC) screening is a public health goal. We hypothesized that non-compliant, average risk women would demonstrate low levels of CRC knowledge and underestimate their CRC risk. Methods. Participants identified prior to routine gynecological visits completed a survey assessing demographics, CRC knowledge, risk perception, and screening intention. Results. The 318 participants demonstrated high levels of CRC knowledge. The majority estimated their risk incorrectly and had no intention of screening participation in the future. There were no consistent relationships between knowledge, risk perception, and screening intent. Conclusions. Knowledge alone is an inadequate stimulus of screening adherence. olorectal cancer (CRC) is the third most common form of cancer in the United States among men and women. Approximately 154,000 new CRC cases will be diagnosed this year as well as 52,000 deaths.
1
These statistics are particularly disheartening considering that CRC incidence and mortality can largely be reduced through routine CRC screening. 2, 3 Effective CRC-screening techniques are widely available, including fecal occult blood testing (FOBT), barium enema (BE), flexible sigmoidoscopy (FS), and colonoscopy. In addition, new tests like virtual colonoscopy are on the horizon. Many authorities have published screening guidelines; however, there is no consensus supporting a particular method of CRC screening. Instead, health care providers have been urged to concentrate on increasing screening rates for their patients through periodic use of any of the recommended techniques. 4 Unfortunately, participation rates for people at average risk, approximately 90% of the general population, continue to lag behind those of other recommended preventive health services. 5 Although slowly rising, only about 50% of the population receives any CRC screening test within the recommended time frames. 6 It is unlikely that the goals of Healthy People 2010, a nationwide health promotion and disease prevention initiative, will be met unless there is a substantial increase in screening uptake. 7 Many barriers to CRC screening have been described. Provider (eg, absence of appropriate physician recommendation) and health care system (eg, lack of access to screening or a primary care provider) factors have a negative effect on screening uptake. 8 Patient-based factors also play a significant role in screening nonadherence. To conquer patient-related barriers, much effort has focused on cognitive factors, particularly overcoming a lack of knowledge about CRC or CRC screening. [8] [9] [10] [11] Overall, the general population tends to be poorly informed about its CRC risk, 11, 12 as well as routine screening recommendations. 10 Both patients and providers perceive a lack of patient awareness and knowledge as a major barrier to screening. 8 We have previously demonstrated that screening adherence is greater among average-risk women who understand that screening can reduce their CRC risk. 13 Most public health authorities have primarily emphasized enhancing knowledge about CRC when designing educational outreach programs.
14 However, receiving information about CRC risk factors and screening recommendations does not necessarily translate directly into more informed decision making or action. For example, an educational intervention about CRC risk factors did not result in more accurate identification by participants of their own lifestyle and occupational risk factors. 15 Noncognitive factors must also play an important role. For example, believing that one is at above average risk is positively associated with CRC screening. 13 Prior research has identified the negative impact of emotional factors, including anxiety and fear on screening adherence. 13, 16 We have initiated a randomized, prospective study comparing several interventions intended to increase CRC screening among noncompliant average-risk women making routine visits to their gynecologists. The gynecological study platform is particularly relevant to CRC cancer prevention because 55% of all women, and 45% of women ages 50 to 65 years, consider a gynecologist as their primary care physician. 17 For this study, baseline data are collected that characterizes general CRC-related knowledge, personal risk perceptions, affective responses to screening, and screening intentions. All participants have health insurance, make regular visits to primary care physicians, and have access to other common screening such as mammography. Because access to care and insurance coverage is not a major barrier for these women, this study population allows for a greater focus on patient-based factors.
We hypothesized that at baseline these noncompliant women would demonstrate low levels of general knowledge about CRC and CRC prevention, underestimate their personal risk, and show higher levels of screening procedure-related concerns. In addition, we hypothesized that higher CRC knowledge would be positively associated with intention to participate in screening and to accuracy of cancer risk perception. Here, we report baseline data findings on the first 318 women enrolled in the randomized trial (June 2006 to May 2007).
METHODS
This study was reviewed and approved by the institutional review boards of Fox Chase Cancer Center, the Geisinger Health System, and Emory University.
Potential participants were identified through the linked patient scheduling, billing, and electronic medical record systems at Geisinger and Emory. These databases were first searched for any woman scheduled for a routine gynecology office visit 4 to 6 weeks from the query date. Electronic screens, reflecting the inclusion/exclusion criteria (see below), were then applied to most efficiently identify potentially eligible participants. Women were eligible for participation if they were (1) 50 years and older; (2) at average risk for CRC, defined as no personal history of colorectal polyps or cancer, inflammatory bowel disease, or a family history of familial adenomatous polyposis, hereditary nonpolyposis colorectal cancer, or CRC in more than one first-degree relative; (3) noncompliant with standard CRC screening recommendations at the time of index gynecology appointment, defined as no completion of 3 card FOBTs in the last 12 months, FS in the past 5 years, BE in the past 5 years, or routine colonoscopy in the past 10 years; and (4) able to communicate/consent in English. As one of the study intervention arms required Internet access, a final eligibility criterion was Internet access at home or work.
Women identified in this manner were then contacted by telephone. After consent was obtained, they were asked to complete a 75-item survey. In addition to demographic information and medical history (including personal cancer history, compliance with mammography, and Pap smear recommendations), respondents were queried about their basic knowledge regarding CRC, CRC screening, and their beliefs about their risk for developing CRC in relation to other average-risk women and men using scales adapted from previous work. 13, 18 Intention to participate in CRC screening, or motivational readiness, was measured using a 5-point scale based on the Transtheoretical Model of Change, [19] [20] [21] [22] frequently referred to as the "Stages of Change" Model. Specifically, items span from 1 = I am up to date with colorectal cancer screening; 2 = I am planning to undergo screening for colorectal cancer in the next 30 days; 3 = I am planning to undergo screening for colorectal cancer in the next 6 months; 4 = I am thinking about undergoing screening for colorectal cancer, but I'm not really sure and have made no specific plan; to 5 = I am not thinking about undergoing screening for colorectal cancer. Additional survey items included standardized measures of depression, CRC risk-related distress and dispositional attentional style (CES-D, 23 RIES, 24 and MBSS Short Form, 25 respectively). Each of these scales has demonstrated internal consistency and reliability. 23 
Analysis
To investigate the intention to obtain CRC screening, we created a binary variable measuring whether a woman had no specific plans about CRC screening (scale values 4 and 5; variable = 1) or had plans to become up-to-date with screening within the next 6 months (scale values 2 and 3; variable = 0). The intention to screen variable measures whether a woman is in a precontemplative/contemplative state in which she doesn't view the target behavior as in need of change, and is clearly not ready to even consider making changes or is weighing the pros and cons, but still not at the point where active behavior change efforts will begin versus the preparation state in which she is beginning to consider behavior change regarding CRC screening. We used a multiple logistic regression to explore the multivariable associations with intention to be screened.
To investigate the multivariable associations with risk perceptions, we used multiple linear regressions of the 2 risk perception variables describing how women assess their own CRC risk relative to other average-risk women and relative to average-risk men. The variables were measured as 5-level ordinal variables, with levels ranging from much lower than average risk to much higher than average risk. Because the measures were not truly continuous, we confirmed the results using cumulative logistic models assuming proportional odds. We chose to report the findings from the multiple linear regressions because the parameters in such models are more readily interpretable than those in cumulative logit models. To account for the non-normality of the risk perception variables, we used robust standard errors with the linear models.
We included age in the model using a restricted cubic spline with 3 knots. 26 Restricted cubic splines provide a flexible means of accounting for potentially nonlinear effects in models.
To account for missing data, we used the multiple imputation method of Raghunathan with 10 imputed data sets. 27 Multiple imputation corrects for potential bias that might result from not accounting for missing data in analyses and inflates standard errors to account for the uncertainty in the imputation process. The only variable with missing data in more than 10% of cases was annual income, as approximately 30% of participants declined to answer this item. We imputed missing demographic and knowledge items used in multivariable analyses; we did not impute the intention or risk perception response variables. For imputed data, table statistics represent the average of the statistics from the 10 imputed data sets. In sensitivity analyses, we examined models in which we did not impute knowledge items, but presumed that a nonresponse to the knowledge item indicated an incorrect response.
RESULTS

Demographic, Health Care Utilization, and Psychosocial Characteristics
Forty nine percent (N = 318) of eligible women successfully contacted by telephone enrolled. Table 1 displays demographic characteristics and selected health care utilization patterns of the sample. Although information could not be collected about women refusing participation without their consent, study participants parallel the overall patient populations seen in the Geisinger Health System, the site from which the majority of participants were drawn. Participants were predominantly Caucasian (96.2%), married (74.2%), and employed (64.5%), with an average age of 56.7 (SD = 7.1) years. Overall, the sample was relatively well educated, with over 65% reporting some college attendance. Less than 5% reported not completing high school; because of the small size of this group, these women were included with those who completed high school in analyses. The median household income was reported in the $45,001 to $60,000 range. Health care utilization in the past year for prevention activities was high for the study population. Seventy percent or more of women reported having a physical examination, mammogram, and clinical breast examination in that period, whereas nearly 60% had a Pap smear. Based on CES and RIES results, overall the study population displayed subclinical levels of depression and anxiety. The MBSS score is comparable to other average-risk populations. 28 Table 2 presents knowledge, screening intentions, and risk perception responses. Overall, the majority of participants demonstrated a high level of basic knowledge about CRC and CRC screening, with participants answering an average of 8.6 (SD 1.30) out of a possible 10 items correctly. For example, greater than 98% of the women correctly answered questions about the clinical benefit of early detection and treatment, the presence of blood in the stool as a potential indicator of CRC, the utility of CRC screening in asymptomatic persons, and regular CRC screening as a recommendation for everyone 50 years or older. However, variability did occur on several items. The questions most frequently answered incorrectly pertained to gender differences in incidence of CRC, CRC as a preventable disease, and any association of pain with screening. Specifically, 40.4% erroneously stated that men get CRC more frequently then women, nearly 25% did not endorse that CRC is a preventable disease, and 15% incorrectly endorsed that screening would be very painful.
CRC Knowledge, CRC Screening Intentions, and CRC Risk Perceptions
Almost two thirds (65.7%) stated they had no need and/or plans (ie, precontemplative/contemplative state) to undergo CRC screening, whereas 34.3% reported plans (ie, preparation state) to be screened within a 6-month There was no association with screening intention or risk perception in multivariable models (P > .20 in all cases) when we considered the knowledge variable as a summary measure (number of correct answers from 10 questions). We then examined the association of individual knowledge items with screening intention and risk perceptions among those variables that had both true and false response proportions of 5% or greater (Table 3) . Women who erroneously thought that CRC screening would be very painful have lower intentions of attending CRC screening within the next 6 months (odds ratio [OR] = 2.77, P = .02, 95% confidence interval [CI]: 1.18, 6.50) after controlling for other variables in the model. Table 3 also displays the relationship between other study factors and screening intention. In the model, increased age was associated with having lower intentions of being screened within the next 6 months (P < .03 for the joint Wald test of both parameters; Figure 1 ). Non-Caucasians had a greater intention of adhering to CRC screening within the next 6 months (OR = 0.23, P = .03, 95% CI: 0.06, 0.86).
Multiple linear regression analyses of CRC risk perceptions were used to explore associations with CRC knowledge. The model of a woman's perception of her personal risk relative to other women did not reveal any significant relationships with the knowledge items. However, women who were employed rated their risk as lower on average compared to the ratings of women who were not employed, retired, or disabled, after controlling for other covariates in the model (b = −.37, P = .02, 95% CI: −.68, −.06).
The model of a woman's perception of her personal risk relative to men similarly indicated that employed women rated their risk relative to men as lower on average compared to ratings of the reference group (b = −.29, P = .05, 95% CI: −.59, .00). Women who believe that CRC is more likely to occur in men and those who believe that CRC is preventable tend to rate their risk relative to men as lower than women who believed otherwise, but the effect is only marginally significant (b = −.21, P < .06, 95% CI: −.43, .01; and b = −.25, P < .07, 95% CI: −.51, .02, respectively). The magnitude of effects in the risk perception models was generally modest, with the coefficients suggesting that having the relevant characteristics shifted the average-risk response lower by approximately one-fifth to one-third of a point on a 5-point scale. *The P value of the age coefficients represents the joint hypothesis test that both age coefficient terms are zero.
In sensitivity analyses, we used cumulative logit models assuming proportional odds instead of multiple linear regressions for the risk perception regressions. In general, the inferences did not change, although the education coefficients became slightly more statistically significant in the cumulative logit model of women's own risk perception relative to women their own age (P = .04 for the some college parameter and P = .08 for the college graduate parameter).
DISCUSSION
Improving CRC screening rates remains an important public health goal. Although the number of states where ≥60% of the population have been screened has nearly doubled from 2002 to 2004, 29 in many states more than half of age-eligible residents are not screened. In this report, we describe the characteristics of a population of noncompliant women at average risk for CRC. Because it is estimated that 50% to 60% of CRC deaths might be prevented through routine screening, 4 it is imperative to understand more fully the barriers to screening and to develop more focused and salient interventions to increase participation.
An often-cited barrier to greater uptake of CRC screening is limited knowledge on the part of the general public about basic CRC facts and the benefits of existing prevention methods. Indeed, education about CRC risk factors and screening recommendations is the primary focus of most public health efforts designed to increase screening. 7, 14 Therefore, we hypothesized that the noncompliant women in our study would display only limited knowledge levels in these areas. Our results revealed the opposite: study participants demonstrated uniformly high levels of knowledge regarding CRC-related basic facts and prevention. Further, despite greater knowledge, most study participants had no intention to participate in screening in the future. These findings are troubling because many of the often-cited provider or system-based barriers to screening, for example access to physicians or healthcare services, or socioeconomic status as reflected by income or insurance status, were not relevant for this population.
For this study, we chose to use widely employed, true/ false knowledge items adapted from theory-and evidencebased measures with demonstrated discriminant validity. 13, 18 We focused on basic clinical facts about CRC (eg, "Blood in a bowel movement always means you have CRC") and the utility of screening/early detection (eg, "Most people who get colon cancer do very well if the cancer if found and treated at an early stage"). No emphasis was placed on the more fine-grained aspects of screening such as the biological mechanisms that underlie why screening helps prevent CRC (ie, the detection and removal of precancerous polyps) or the specifics of each screening mechanism (ie, the appropriate intervals between normal FOBT or colonoscopy examinations).
However, allowing for the absence of a standardized "knowledge" measure, women in this study demonstrated greater apparent levels of basic knowledge about CRC than in previous work. There were some important exceptions. Nearly 25% of women in our study continue to display a lack of specific knowledge with respect to CRC's preventability. Future work should explore the degree to which the general population understands the critical role that routine CRC screening plays in prevention as well as the idea that CRC is preventable. This is not a simple message because prevention through the removal of polyps only occurs in endoscopic procedures, either as a first-line screening modality or as diagnostic follow-up for FOBT screening. As overall general knowledge has increased, new messages addressing these more complex issues in CRC screening are needed.
A substantial minority of our participants thought that CRC was a "man's" disease with women less often affected, consistent with earlier observations. 30, 31 Health communication efforts must continue to target women about how CRC is an "equal opportunity" cancer with respect to gender, an area that straddles both knowledge and risk perception.
With regard to other barriers, a subset of women expressed a belief that screening would be very painful; a belief that was associated with less intention to comply with recommendations. This finding is similar to barriers reported in other studies.
13,14 Although we did not explore if this concern was specifically linked to endoscopy-based recommendations, these findings are particularly relevant as colonoscopy is increasingly used to satisfy screening requirements. 5 Relying on vicarious modeling approaches of women who have had successful screening experiences may help to mitigate these beliefs. 32 Communicating the mounting data that screening, including endoscopy-based FIGURE 1. Odds ratio for the age effect in the intention to be screened analysis. The odds ratio describes the effect relative to the baseline odds at age 50. Older women have greater odds of being in the precontemplative state, and the association is statistically significant because the pointwise 95% confidence intervals generally do not cover one except where data are sparse. The vertical lines at the bottom of the figure, sometimes described as the rug, represent the distribution of the observed data. Null effect 95% CI methods, is generally not as objectionable as anticipated may be a useful component of future health messages. 33 To improve screening interventions will require a greater understanding of the interplay between CRCrelated knowledge, beliefs, personal risk perceptions, and affective responses. Findings like ours demonstrate that greater "knowledge" alone is an inadequate stimulus to screening adherence. Women in this study also underestimated their personal CRC risk, perceiving it as lower than average and perhaps as a result had little intention to participate in screening. In other cancer contexts, perceived vulnerability for disease has been found to play a key role in the adoption of screening recommendations. 34, 35 A heightened perception of individual risk has been associated with CRC screening participation. 13 The present finding that over 50% of the noncompliant women studied perceived their risk to be less than comparable men or women suggests an important target for subsequent efforts to improve screening uptake. For these women, generic educational efforts do not seem to raise the personal threat to a level that motivates preventive action. Further studies are needed to provide a deeper understanding of this lower risk perception in order to guide the development of more potent interventions to raise susceptibility and potentially increase screening behavior.
To more effectively design intervention programs will require a better understanding of what average risk and higher or lower risk means to patients, including the fact that average or even lower than average risk does not negate the utility of prevention maneuvers. Interestingly, women in this study who were employed tended to perceive less personal CRC risk. The basis for this relationship is unclear. Health care insurance is often linked with employment; therefore women with insurance would have one less barrier to screening. Perhaps these women find CRC less threatening because access to care is available if needed. Older women also expressed less intent to be screened. Most studies suggest that older persons are more likely to have participated in CRC screening. 5 However, our study population included only women who were not compliant with CRC screening, suggesting that advancing age may be another barrier to screening in a noncompliant population.
Risk perception remains a key element as individuals need to be made sufficiently aware of susceptibility to motivate adaptive action, but should not become so anxious that avoidant responses are activated. 36, 37 Recent data suggest that the manner in which risk is described may influence behavior. 38, 39 In addition, there is a growing literature regarding the impact of tailored risk information. 15, 40 There are several limitations to the present study. In general, the study cohort was employed and well educated. All participants had access to routine, preventive health care. Participants were regular users of other preventive services such as routine physical examinations and mammography. It is therefore reasonable to infer that lack of interest or participation in CRC screening was not due to access alone or bias against preventive health services in general. However, our results cannot necessarily be extrapolated to populations without regular health care access. In addition, there is some evidence that men and women utilize CRC screening services in different ways. 41 Our study cannot address the issue of whether this is because men have greater knowledge about CRC risk or perceive cancer risk differently than women.
Our study population was identified from women scheduled to see their gynecologists for a routine office appointment. Gynecologists, although an important source of primary care for many women, may think other physicians will take responsibility for CRC screening discussions, or may promote CRC screening mechanisms (for example office-based FOBT rather than take home FOBT) not supported by expert guidelines. In a recent study, 26% of primary care physicians (and a larger percentage of Ob/Gyns) utilized a single in-office FOBT as their preferred method for CRC screening. 42 Some patients may mistakenly believe that this single FOBT satisfies CRC screening requirements. This issue requires greater study, demonstrating the need to pursue physician-directed, as well as patient-based, efforts to improve CRC screening rates.
CONCLUSION
In this population of average-risk, noncompliant women, barriers regarding access and insurance were almost eliminated, but still almost two thirds were not considering CRC screening. Basic knowledge about CRC screening was generally high, suggesting that education alone is an inadequate method to improve screening utilization. Inaccurate risk perceptions about CRC and the belief that screening might be painful were among the key factors that contributed to reduce the intention to participate in CRC screening. While continuing to strive for public education, future efforts to improve CRC screening will need to address how women process CRC risk information and screening recommendations cognitively and affectively in order to attain broader uptake of CRC screening.
